Background: Nutrition and mortality surveys are the main tools whereby evidence on the health status of populations affected by disasters and armed conflict is quantified and monitored over time. Several reviews have consistently revealed a lack of rigor in many surveys. We describe an algorithm for analyzing nutritional and mortality survey reports to identify a comprehensive range of errors that may result in sampling, response, or measurement biases and score quality. We apply the algorithm to surveys conducted in Darfur, Sudan. Methods: We developed an algorithm based on internationally agreed upon methods and best practices. Penalties are attributed for a list of errors, and an overall score is built from the summation of penalties accrued by the survey as a whole. To test the algorithm reproducibility, it was independently applied by three raters on 30 randomly selected survey reports. The algorithm was further applied to more than 100 surveys conducted in Darfur, Sudan. Results: The Intra Class Correlation coefficient was 0.79 for mortality surveys and 0.78 for nutrition surveys. The overall median quality score and range of about 100 surveys conducted in Darfur were 0.60 (0.12-0.93) and 0.675 (0.23-0.86) for mortality and nutrition surveys, respectively. They varied between the organizations conducting the surveys, with no major trend over time.
Introduction
The prevalence of acute malnutrition and mortality rates are crucial indicators to benchmark the severity of a crisis, to track trends, and to inform funding and operational decisions [1, 2] . Cross-sectional sample surveys are the main method currently used to estimate these indicators [3, 4] . An adequate sampling design is indispensable to ensure the representativeness and accuracy of a survey. Moreover, standardized field data collection through suitable interview and measurement instruments and techniques is paramount to guarantee quality.
Despite recent improvements in standardization of nutrition and mortality survey methodology and analysis [5] [6] [7] , errors in the field application of survey methods persist, potentially resulting in biased data and harmful operational decisions. Reviews of surveys carried out in various crisis settings have consistently revealed a lack of rigor in many nutritional [8] [9] [10] [11] [12] and most mortality surveys [10, 11] .
Cross-sectional surveys are generally conducted in relatively small areas corresponding to zones of intervention of non-governmental organizations (NGOs); therefore, an overall picture of the situation and its evolution at the regional and country level might be difficult to compose. Meta-analyses of mortality and nutrition data can help to infer crisis-wide trends [13] . Given the sparseness of data in most crises, it may be useful to include in the analyses survey reports with limited quality; however, to do this, weighting of surveys according to their relative quality seems necessary. More broadly, monitoring trends in the quality of surveys and the relative frequency of different errors can help to evaluate the strength of evidence on which many humanitarian decisions are predicated and fulfill a didactic role in improving field capacity for data collection.
The quality of a survey is determined by five components; coverage, sampling, nonresponse, measurements, and data processing. Errors could occur with each component. There are several guidelines for conducting and reporting on surveys in normal conditions published by the United States Office of Management and Budget (OMB) and the American Association for Public Opinion Research (AAPOR).
In this article, we describe an algorithm based on systematic and comparable criteria for analyzing nutritional and mortality survey reports to identify a comprehensive range of errors that may result in sampling, response, or measurement biases and score the quality of a survey as a whole. We apply the algorithm to surveys conducted in Darfur, Sudan between 2004 and 2008.
Methodology

Components of the algorithm
The algorithm is based on internationally agreed upon methods and best practices [2, 14] . It is divided into seven components of quality checking: 1) selection bias of sampling design; 2) precision of cluster sampling (if done); 3) measurement biases for mortality; 4) measurement errors for nutrition; 5) response biases for mortality; 6) analysis errors for mortality; 7) analysis errors for nutrition [[15] ; see Additional File 1] . These seven components are further grouped into three main sections: sample selection, data collection, and data analysis. For each of these, penalties are attributed for a list of possible more or less severe errors, and an overall score is built from the summation of penalties accrued by the survey as a whole. The criteria used are a mix in equivalent proportions of genuine errors and of lack of evidence of best practice.
Penalties
A Delphi survey was conducted among experts to help determine consensus penalties for each criterion [16] . Experts commented on the algorithm and ranked each criterion from 0, defining a minor problem likely to have a negligible effect on the validity of the survey, to 5, a critical flaw indicating a serious error or an insufficient description that would thoroughly invalidate findings. Based on expert recommendations, the algorithm was refined further. The median penalty attributed by the experts was calculated for each error, and a geometric progression (a n = a * r n-1 , with a = 1, r = 2.34, and n = 5) was used to rescale penalties to a range from 2 points, corresponding to 1 in the Delphi survey, to 70 points, corresponding to 5.
For nutritional surveys, selection of the sample, data collection, and analysis represented 37%, 31%, and 32% of the maximum possible penalty, respectively, when cluster sampling was used; 25%, 37%, and 38% when systematic random sampling was used; and 20%, 39%, and 41% when simple random sampling was used. For mortality surveys, which are arguably more vulnerable to nonsampling biases, these proportions were 48%, 38%, and 14% when cluster sampling was used; 36%, 46%, and 18% when systematic random sampling was used; and 31%, 50%, and 19% when simple random sampling was used.
Overall quality scores
A continuous score, ranging from 0 to 1, is calculated from the sum of the penalties attributed to the survey, as follows:
where S is the score, T the maximum number of penalty points a survey can accrue, and L the actual number of penalty points. For example, a score of 0.85 means that only 15% of the maximum penalty points were accrued by this survey. In a combined nutritional-mortality survey, the same error can have a different weight in the nutrition score compared to the mortality score; scoring for nutrition and mortality should therefore be interpreted independently.
T was calculated separately for different types of sampling design (simple random, systematic random, and cluster sampling), since each carries specific potential errors.
Based on the algorithm, a software application was developed for data entry of quality reviews and automatic calculation of scores [17] .
Testing of reproducibility
Reports of nutrition and mortality surveys conducted by NGOs and UN agencies in Darfur, Sudan between 2004 and 2008, previously gathered for the purpose of investigating trends in acute malnutrition and mortality [18] , were used to test the algorithm's reproducibility and to apply it to a real-life scenario. Reports of rapid assessments that used convenience (i.e., nonrandom) sampling or did not measure the weight-for-height index for acute malnutrition were excluded from this collection of surveys.
To test the reproducibility of the algorithm, 30 survey reports from Darfur were randomly selected and three expert raters, blinded to one another's ratings, were asked to apply the algorithm to these surveys. Total penalties for mortality and nutrition surveys were calculated for each rater and the intraclass correlation coefficient was calculated to assess the consistency of rating [19] . Raters also provided their feedback on the use of the algorithm.
Each criterion for which the classification was different among the raters for more than 20% of the 30 survey reports analyzed was reviewed. Some of these criteria were reformulated to facilitate straightforward interpretation. A criterion about data cleaning procedure was deleted as it seemed impossible to judge with objectivity.
Real-life application
The algorithm was further applied to the entire dataset of surveys from Darfur by one of the raters. Altogether, this dataset includes all nutrition and mortality surveys publicly released from the beginning of the crisis in 2004 to the end in 2008, and was chosen as it provides a case study of trends in quality across an entire crisis over time. Accordingly, the median and range of quality scores were calculated separately for mortality and nutrition surveys, overall, by year and by agency. Median scores between years and agencies were compared using a Kruskal-Wallis test [19] . The main reasons for critical flaws, main sources of penalties, and relative share of penalties by type of error were also computed. Some reports included more than one survey result if several areas or populations had been independently surveyed or if the survey was stratified. In this case, each survey result was considered as a separate survey, even if the methodology described in the report applied equally to the different survey strata. Calculation and statistical analyses were performed with Microsoft Excel and STATA (Stata Corporation, College Station, TX, USA).
Results
One hundred and seventeen survey reports conducted by 19 NGOs and international agencies in Darfur, Sudan between June 2004 and December 2008 were collected. Twenty-eight preliminary reports were discarded from the analysis because the methodology was not reported with sufficient detail. In total, 108 mortality surveys and 100 nutrition surveys were analyzed. Of these, 107 mortality surveys and 97 nutrition surveys used cluster sampling, while one mortality and three nutrition surveys were conducted using systematic sampling.
Reproducibility of the algorithm
The algorithm was independently applied by three raters on 30 randomly selected survey reports from 11 NGOs, including 29 mortality surveys and 30 nutrition surveys. Of the 108 quality criteria in the algorithm, raters disagreed on whether the criterion was fulfilled in more than 50% of the surveys for seven (6.5%) criteria and in 20% to 50% of the surveys for 20 (18.5%) criteria. The Intra Class Correlation coefficient was 0.79 for mortality surveys and 0.78 for nutrition surveys. The three-way average Intra Class Correlation coefficient (the three raters considered as a group of raters rather than as independent raters) was 0.92 and 0.91 for mortality and nutrition surveys, respectively.
Quality of Darfur surveys
Twenty-six mortality survey results (24%) and 13 nutrition survey results (13%) featured a critical flaw. Critical flaws were due to unclear description of the first stage sampling of clusters for six mortality surveys and three nutrition surveys, unclear description of household sampling in the last stage of cluster sampling for 14 mortality surveys and four nutrition surveys, and to both of these criteria for six mortality and six nutrition surveys. For some of these surveys, the methodology used was not described at all (eight mortality surveys and nine nutrition surveys). For the others, a reference to a guideline or paper was given (18 mortality surveys and three nutrition surveys) but pointed to the description of several choices of first or second step cluster sampling, making it impossible for the reader to identify which methodology was used. Most of the surveys with critical flaws were conducted in 2004 (10 mortality and eight nutrition surveys) and 2005 (13 mortality and two nutrition surveys).
When surveys with critical flaws were included in the analysis, the overall median score was 0.60 (ranging from 0.12 to 0.93) for mortality surveys (Figure 1 There was no apparent trend in median score for either mortality or nutrition surveys considering the year of survey completion, when surveys with critical flaws were discarded from the analysis ( Table 2) Around 90% of the penalty points were due to lack of evidence from the survey reports, ranging between 70% to 99% in mortality surveys and between 49% to 100% in nutrition surveys. Of the three sections of the algorithm, "data collection" accrued the highest proportion of maximum penalty points for surveys (54% for mortality, 49% for nutrition), while around 30% of maximum penalty points were accrued for the section on "selection of basic sampling." The least problematic section was "analysis, " with only about 15% of maximum penalty points accrued.
For mortality, the most striking error in data collection procedures was the absence of a structured questionnaire with explicit questions and sequences of questions, which limits standardization and reproducibility of interviews among different households for the same interviewer and among interviewers (Table 3) . Moreover, most of the time, only aggregated data were collected, precluding a detailed person-time analysis. For nutrition, the major problem of quality of data collection was the absence of detailed descriptions of the accuracy of the material used for height and mid-upper arm circumference (MUAC) measurements (Table 4) . Reports also lacked clarity about on-site supervision and data checking for both mortality and nutrition. The most frequent flaw in the selection of the basic sampling unit for mortality and nutrition surveys was that the number of nonresponding households was not reported.
Discussion
Use of the algorithm and its limitations
The analysis and interpretation of nutrition and mortality data in crisis settings are notoriously challenging tasks. First, the quality of data is often questioned. Second, the coverage of data is frequently sparse, limiting inference beyond a few sites or time periods for which estimates are available. The algorithm presented in this paper allows for standardization of the assessment of quality of nutrition and mortality surveys according to systematic and comparable criteria.
The algorithm is intended to be used by epidemiologists experienced in nutrition and mortality surveys but without prior training on the algorithm itself. The test of reproducibility that we conducted with three different raters suggested that the algorithm was sufficiently reliable to broadly benchmark a given survey's quality. The three-way average Intra Class Correlation also suggested that quite good reliability could be achieved by having two raters per survey. This could be applied to the most difficult surveys and the most critical and sensitive situations. Depending on the familiarity with the algorithm, rating of a survey takes between 30 minutes and one hour.
The algorithm can be used to gauge the overall quality of data at the regional or country level. It can also be utilized to assess trends in quality of surveys and the impact of initiatives aimed at improving survey practice. Furthermore, agencies can apply the algorithm to the surveys they perform in order to review their overall quality, investigate their strengths and weaknesses, and take adequate measures to improve major flaws. In this respect, the algorithm could serve as a training tool, but also to help enforce performance targets.
The main limitation of the algorithm is that it is based on information available in the reports, which for most of the criteria may partly reflect the completeness of the report. Because the algorithm generally assumes that a given best practice was not implemented if there is no mention of it in the report, it may be biased towards worst case scenarios, and the quality of some surveys might in fact be better than evaluated through the algorithm. However, in the absence of raw data, evaluating the quality of surveys from reports, including the missing information, is the best available proxy for survey quality. The writing of lengthy survey reports might appear cumbersome but is of paramount importance and is inherent to sound epidemiological practices to document procedures and allow others to assess the quality of data. This is part of the epidemiological rigor to thoroughly describe the methodology used in surveys and trials to allow others to evaluate the soundness of results. Data with established good validity could have a stronger influence on decision-makers and donors. Indeed, the criteria included in the algorithm can be used as a basis for minimum reporting. As shown in the algorithm, some analysis errors (e.g., lack of weighting or design effect adjustment) can be rectified using raw data; however, these are seldom available. Re-analysis of datasets can also reveal potential quality problems. For example, the Emergency Nutrition Assessment (ENA) software performs a series of plausibility and quality checks on anthropometric indices, mainly based on the frequency of outliers and departures from normality, and based on these attributes an overall score to the survey [7] . It could be possible to combine the quality score of our algorithm (which focuses more on methods and procedures) and the quality score of ENA (which focuses on the data) into a summary score of a given nutritional survey.
The precision of survey results was not included in the scoring system because it was not seen as a quality issue but as an impediment to meaningful interpretation of survey results.
Lastly, our algorithm necessarily relies on arbitrary decisions on the relative gravity of different errors. We have attempted to address this limitation through a Delphi survey, a standard approach to eliciting expert opinions. As the algorithm is adopted for routine practice, penalties for individual errors could be revisited and readjusted if necessary.
Quality of surveys in Darfur
Darfur has been one of the major humanitarian operations in the past few years [20] . Our study suggests considerable problems with quality of nutritional and particularly mortality surveys conducted in this crisis. In such a highly politicized environment, it is especially crucial that evidence is robust. Poor quality of surveys may have contributed to conflicting estimates of the number of deaths in Darfur in the early period of the crisis [21] . Previous reviews conducted in other humanitarian crises of the quality of nutrition and mortality surveys based on survey reports have shown that quality was generally limited [8] [9] [10] [11] [12] . One study, however, suggested that the quality of nutrition (but not mortality) surveys conducted between 1993 and 2004 in 17 countries improved over time [11] . Our study also suggests some improvements in quality of mortality and nutrition surveys between 2004 and 2008. However, this might be due to the fact that the two agencies that contributed to the majority of surveys with critical flaws only conducted surveys in 2004 and 2005. When surveys with critical flaws were removed from the analysis, no difference was evidenced.
The proportion of critical flaws appeared high, especially for mortality surveys. However, it is possible that some of the 16% of mortality surveys that, instead of clearly describing methodology, provided a reference for methodology of first and second stage cluster sampling, were actually conducted adequately. They had overall no more errors than surveys without critical flaws.
There were obvious differences in median score among agencies for both mortality and nutrition surveys. The same discrepancy was shown in a paper analyzing survey quality from 1993 to 2004 [11] , suggesting that international initiatives have failed to improve uniformly survey quality across agencies.
The release of manuals on nutrition and mortality survey methodology [2, 14] and the development of userfriendly tools to analyze nutrition and mortality surveys [7] have probably contributed to the standardization of survey methodology and improvement of data analysis. Our reading of multiple survey reports, however, suggested that these tools are sometimes used in a simplistic way with no understanding of the underlying epidemiology principles. Training initiatives on survey methodology have recently intensified and are the best way to improve survey quality. Training should not only include the "how" to conduct a survey but also the "why, " i.e., basic principles in epidemiology and statistics. This would increase survey investigators' understanding of the rules governing survey methodology and analysis of data. A better knowledge of epidemiology principles should also be promoted among policymakers to guide more rational commissioning of surveys and allocation of resources based on correct interpretation of findings.
Conclusion
Our study suggests that it is possible to systematically assess quality of surveys and reveals considerable problems with the quality of nutritional and particularly mortality surveys conducted in the Darfur crisis. Improving survey quality will strengthen the evidencebased funding and operational decisions.
Additional material
Additional file 1: Additional file 1shows the algorithm for checking the quality of mortality and nutrition surveys.
